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osting by EAbstract Purpose: To evaluate the effects of laser in situ keratomileusis (LASIK) in decreasing
myopic anisometropia in children with spectacles or contact lens intolerance and its validity in facil-
itating treatment of resultant myopic anisometropic amblyopia.
Patients and methods: LASIK was performed in 18 eyes of 18 children having myopic anisome-
tropic amblyopia not successfully treated with the standard amblyopia treatment for 6 months.
Children were followed up at 1 week, 1, 2, 6, 12, 18 and 24 months. Postoperative amblyopia ther-
apy was continued with occlusion of the dominant eye for 6 h daily for the ﬁrst 3 months and then
for 4 h per day as long as possible.
Results: The mean spherical equivalent refraction in the operated eye had reduced signiﬁcantly
from 9.08 ± 1.86D preoperatively to 0.97 ± 1.16D at 2 years postoperatively. The mean spher-
ical equivalent in the non-operated fellow eye was 1.0 ± 1.15D preoperatively and 2.50 ±
1.15D at 2 years. The mean spherical equivalent myopic anisometropia was 7.75 ± 2.25D preop-
eratively and 0.50 ± 0.31D at 2 years, representing a 93.5% reduction in myopic anisometropia.
The mean regression value was 2.28 ± 1.62D, however, 18 eyes (72%) were within 3.0D of the
fellow eye. The mean BCVA was signiﬁcantly improved from 0.72 ± 0.13 preoperatively to
0.47 ± 0.17 by 2 years after LASIK with amblyopia treatment.
Conclusion: LASIK is a safe and effective alternative method for correcting myopic anisometro-
pic amblyopia, especially in children with spectacles or contact lens intolerance, with more better
visual acuity and binocular vision.
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lsevier1. Introduction
Traditional treatments to correct and rehabilitate the refractive
status in children with myopic anisometropic amblyopia in-
clude glasses and contact lenses with appropriate patching of
the dominant eye. Anisometropia is a common cause of ambly-
opia because correction with spectacles does not have the
desired effect in eyes with a refractive difference greater than
3.00 diopters (D). When spectacles are used, aniseikonia
4 A.A. Ghanem et al.causes a loss of binocular vision and usually amblyopia in the
affected eye (Townshend et al., 1993).
During occlusion therapy, children are able to tolerate
glasses. However, even with improvement in vision in the
amblyopic eye, once occlusion is discontinued, aniseikonia be-
comes the most important factor in children’s inability to wear
glasses with the total dioptric correction in their binocular
state (Weakley, 2001). Contact lenses have the advantages of
a larger visual ﬁeld and better quality of vision, especially in
eyes with higher refractive errors, and may be more acceptable
than spectacles for correction. However, contact lens intoler-
ance and poor compliance or lack of adaptation leads to treat-
ment failure (Collins and Carney, 1990; Autrata and Rehurek,
2004).
In the past few years, refractive laser surgery techniques
have been shown to be a good treatment in children who
have failed with traditional approaches. Photorefractive ker-
atectomy (PRK), laser in situ keratomileusis (LASIK), and
laser-assisted subepithelial keratectomy (LASEK) have been
used effectively to treat bilateral high myopia, anisometro-
pia and high astigmatic error. Recent studies show that
refractive laser surgery is effective and safe alternative for
the treatment of myopic anisometropic amblyopia in chil-
dren especially those with concurrent medical problem as
autism, cerebral palsy, developmental delay and Down’s
syndrome (Tychsen and Hoekel, 2006; Astle et al., 2006;
Paysse et al., 2006). Functionally, refractive laser surgery
improves uncorrected and corrected visual acuity, restores
stereopsis and binocular fusion in some patients, and has
a positive effect on patient’s visual and social functions in
their environment (Paysse et al., 2006; Tychsen et al.,
2005).
This study aimed at the evaluation of the effects of Laser
in situ keratomileusis in decreasing myopic anisometropia in
children and its validity in facilitating the treatment of the
resultant myopic anisometropic amblyopia.2. Patients and methods
This is a prospective observational clinical trial.
2.1. Patients
The study included 25 children (25 eyes) having myopic aniso-
metropia with the refractive difference between two eyes equal
to or more than four diopters according to France’s guidelines
(France, 2006) for amblyopic risk factors. All eyes were ambly-
opic and not successfully treated with the standard amblyopia
treatment (occlusion and/or optical penalization) for
6 months.
Conventional correction using various combinations of
spectacles and/or contact lenses (CL) had failed. The binocular
intolerance of a total diopter spectacle correction due to anis-
eikonia was the cause of spectacle failure. Contact lens intoler-
ance included the children’s inability to wear CL for all waking
hours because of ocular irritation, itching and foreign body
sensation and/or because the parents could not apply CL cor-
rectly. All children had best corrected visual acuity was 6/6
(1.0) in the dominant eye. Uncooperative children or those
who did not comply with postoperative occlusion regimen
were excluded from the study.All parents were given a detailed explanation of the proce-
dure and the risk/beneﬁts of laser treatment. They were in-
structed that laser treatment aimed at alleviating the
refractive difference between the two eyes rather than getting
rid of glasses. Also they were informed that LASIK would
not stop the progression of the refractive error or alleviate
the need for occlusion therapy. All parents signed a written
consent stating that they understood the LASIK procedure
with its possible beneﬁts and complications. This study was ap-
proved by the Human Subjects Committee of the University of
Mansoura, and adhered to the Declaration of Helsinki.
Exclusion criteria were children with previous intraocular
surgery, corneal scarring, active inﬂammation, pachymetry va-
lue less than 450 lm, keratoconus, a Schirmer test of less than
5.0 mm, a narrow palpebral ﬁssure, intraocular pressure greater
than 21 mmHg, and associated posterior segment pathology.
A complete preoperative ophthalmologic examination was
done and included uncorrected and best corrected visual acuity
(UCVA and BCVA), cycloplegic refraction, estimation of pal-
pebral ﬁssure, slit-lamp examination of the anterior segment
evaluation, fundus examination, Schirmer test, IOP evaluation
by noncontact tonometry, keratometry, ultrasound pachyme-
try, axial length measurement and corneal topography. Also,
orthoptic examination was done evaluating orthophoria or
horizontal misalignment to ﬁve prism diopters and/or vertical
misalignment no more than two prism diopters. Finally, binoc-
ular vision testing, with optimal spectacle or contact lens cor-
rection, was done to all children as possible as we could.
Foveal and extra foveal fusion were measured using the Worth
4-dot test at 3 m and 33 cm, respectively. Grading of the
Worth 4-dot test was pass or fail; passing required reporting
or touching 4-dots, while failure required reporting or touch-
ing 2, 3, or 5 dots. Stereoacuity was measured using the ran-
dom-dot butterﬂy stereogram for near stereoacuity while a
synoptophore with the random-dot stereogram was used to
measure stereoacuity. The stereoscopic levels achieved were di-
vided into three groups: no stereopsis; ﬂy could not be identi-
ﬁed (>3000 scs of arc), gross stereopsis (800 to 63000 scs of
arc), and ﬁne stereopsis (6800 scs of arc) (Astle et al., 2007).
Laser in situ keratomileusis was performed under general
anaesthesia with inhalation induction while the airway was
maintained with a laryngeal airway. No patient required intu-
bation. The intended correction was emmetropia if the refrac-
tive error was present only in the amblyopic eye, otherwise, the
surgery was targeted at achievement of bilateral balance in
refraction. Two weeks prior to surgery, contact lenses were dis-
continued (if previously used). LASIK was done with the Alle-
gretto wave eye Q excimer laser (Germany). The unit was
calibrated following the manufacturer recommendations so
as to leave a minimum residual corneal stromal bed of
275 mm. The eye was washed with povidone-iodine 10% solu-
tion and the head draped with sterile towels. A speculum kept
the palpebral ﬁssure open. The pupillary center was marked
with a gentian-violet marker. The Moria M2 automated micro-
keratome (Moria, Antony, France) with head 90 intended to
create ﬂap thickness of 120 lm was used. The suction was cen-
tered and activated on the corneal marking. Intraocular pres-
sure was conﬁrmed to be more than 60 mmHg.
The ﬂap was carefully lifted with a blunt instrument and re-
ﬂected on its hinge. The laser was carefully centered and the
ablation performed. After the ablation, the ﬂap was reposi-
tioned and the interface thoroughly washed to remove any
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was allowed to settle for at least two minutes, and then a patch
was applied to the eye. A therapeutic contact lens (Acuvue,
base curve 9.1 m) was applied for corneal ﬂap protection.
Postoperative treatment involved topical tobramycin
0.3% and predinsolone acetate 1% eye drops four times dai-
ly for 1 week together with artiﬁcial tear eye drops four
times daily for 2 weeks. Gradual withdrawal of topical ste-
roids was done over 1 month. Therapeutic contact lens
was removed after 3 days. Children were followed up post-
operatively at ﬁrst day, ﬁrst week, and then every month till
24 months.
Patient data were recorded at each postoperative examina-
tion. The follow up examinations included UCVA, BCVA,
cycloplegic refraction, keratometry, pachymetry, corneal topog-
raphy, anterior segment and fundus evaluations, ultrasonic
biometry, grading of haze based on a 5-point scale (with 0 as
no haze and 4 as maximal haze), ocular tension measurement,
orthoptic status, and binocular vision examination. One month
postoperatively the residual error was measured and full correc-
tion by glasses were prescribed (if needed) based on the cyclople-
gic refraction. All patients continued postoperative amblyopia
therapy with occlusion of the dominant eye for 6 h daily for
the ﬁrst 3 months and then for 4 h per day as long as possible,
especially to improve defective eyes of patients who watch tele-
vision regularly. Once BCVA in the operated amblyopic eye ap-
proached that of the operated fellow eye so that the difference
became three lines on Landott’s chart, training on the synopto-
phore was done to improve binocular function and its grading.
This was combined with occlusion therapy.Table 1 Summary of patients’ demographic and clinical parameter
Case no. Gender Age (Y) BCVA (Log MAR)
Preop. Postop.
1 F 4 0.7 0.3
2 F 6 0.88 0.4
3 M 5 0.84 0.2
4 F 8 0.9 0.3
5 F 7 0.8 0.48
6 M 9 0.6 0.4
7 M 7 0.76 0.3
8 F 7 0.88 0.2
9 F 4 0.5 0.3
10 M 8 0.54 0.4
11 F 5 0.7 0.5
12 M 6 0.76 0.4
13 F 8 0.9 0.8
14 F 9 0.88 0.5
15 M 5 0.6 0.6
16 F 7 0.6 0.5
17 F 6 0.8 0.7
18 M 4 0.6 0.2
19 F 7 0.6 0.5
20 M 8 0.7 0.7
21 M 9 0.7 0.6
22 M 7 0.6 0.5
23 F 6 0.9 0.8
24 F 6 0.7 0.6
25 M 5 0.6 0.5
No. = number, M= male, F = female, Y = years, preop. = preoperativ
angle of resolution, SE = spherical equivalent, D = diopter, and Gr. =2.2. Statistical analysis
Data were collected and analyzed using the Statistical Program
for the Social Sciences (SPSS) version 15. The quantitative
variables were expressed in range, mean ± standard deviation.
Student t-test was used to compare the quantitative data. P va-
lue less than 0.05 was considered signiﬁcant.
3. Results
Table 1 revealed patients demographic and results of the oper-
ated eyes. At the start of the study, all children were from 4 to
9 years old. The mean age was 6.5 ± 1.6 years which was with
in the age for effective reversal of anisometropic amblyopia.
The mean preoperative spherical equivalent refraction (SE)
in the operated eye was 9.08 ± 1.86D (range: 6 to
12.75D). Postoperatively, there was a great reduction in the
mean spherical equivalent down to 0.97 ± 1.16D (range:
+2.0 to 0.50D) at 2 years.
Themean spherical equivalent in the non-operated fellow eye
was 1.0 ± 1.15D preoperatively and 2.50 ± 1.15D by
2 years. The mean spherical equivalent myopic anisometropia
was 7.75 ± 2.25D preoperatively and 0.50 ± 0.21D at
2 years, representing a 93.5%reduction in anisometropia. There
was a signiﬁcant reduction in themeanSEandSEanisometropia
2 years postoperatively (P< 0.001). The largest SE refraction
corrected was 12.75D. The thinnest central corneal thickness
among the operated eyes was 532 lm. Sixteen childrenwere sup-
plemented with spectacles for the residual refractive error.s before and after LASIK.
SE (D) Follow up (months) Remarks
Preop. Postop.
6.00 0.50 24
11.00 1.05 24
12.75 1.50 24
10.75 2.00 24
9.00 1.50 24
8.00 +0.50 24 Gr. 1 haze
7.50 1.00 24
9.50 1.50 24
11.00 2.00 24
8.50 2.00 24
7.50 +1.00 24 Gr. 1 haze
6.50 +0.50 24
11.50 1.50 24
10.50 2.00 24
10.00 1.75 24
7.50 1.50 24
8.50 +2.00 24
9.50 1.75 24
6.50 +0.50 24 Gr. 2 haze
7.50 1.25 24
9.50 1.50 24
7.00 1.25 24
8.50 1.75 24
10.50 1.50 24
11.50 +1.50 24 Gr. 2 haze
e, postop. = postoperative, Log MAR= logarithm of the minimum
grade.
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Figure 1 Mean keratometry (A) and mean pachymetry (B)
values in the operated eyes showed stability after 6–24 months.
6 A.A. Ghanem et al.There was good compliance with spectacle correction of the
residual refraction because of the successful reduction of aniso-
metropia in all cases. Five children whose refraction was with-
in ±0.50D of emmetropia needed no correction at 2 years (the
other eye was emmetropic). The targeted vs achieved SE at
6 months and 2 years was determined. At 6 months, 17 eyes
(68%) were within ±1.0D of the targeted refraction and at
2 years, 12 eyes (48%) were within ± 1.0D. There were signif-
icant changes in SE refraction at 2 years postoperatively com-
pared with the 6th month postoperative ﬁgures, suggesting an
ongoing trend of myopic shift (P< 0.05). The mean regression
value was 2.28 ± 1.62D (range: 4.5 to 0.5D). However,
18 eyes (72%) were within 3.0D of the fellow eye, still achiev-
ing refractive balance between the two eyes. The overall regres-
sion was caused by the corneal-healing response as well as by
the increased axial length.
Keratometry values were used to evaluate the corneal cur-
vature changes and determine the corneal cylindrical changes.
Overall, the mean keratometry was 7.67 ± 0.21 mm preopera-
tively and 8.79 ± 0.28 mm at 2 years. The mean keratometric
astigmatism decreased from 1.71 ± 0.84 cyl D (range 0.25
to 3.50 cyl D) preoperatively to 0.49 ± 0.21 cyl D (range
0.25 to 1.25 cyl D) at 2 years. There were signiﬁcant differ-
ences in the mean keratometric values between preoperative
and 1, 2 and 6 months postoperative follow-up (P< 0.05),
but there were no signiﬁcant differences in these values be-
tween 12 and 24 months (P> 0.05). There were no signiﬁcant
differences in the mean central pachymetry between 6, 12, and
24 months.
Stability of the corneal refractive change, based on kera-
tometry and pachymetry readings, was reached at 6 months
in all 18 eyes (Fig. 1). The myopic shift after 2 years was caused
by the increasing axial length. The mean axial length increased
in proportion to the non-treated eyes in the follow-up. The dif-
ferences in mean biometry between preoperatively and 3, 6, 12
and 24 months postoperatively were signiﬁcant (P< 0.05).
Regarding visual acuity changes in the operated eyes, the
mean BCVA was signiﬁcantly improved from 0.72 ± 0.13 pre-
operatively to 0.47 ± 0.17 by 2 years after surgery with ambly-
opia treatment. The operated eyes (25 eyes), 9 eyes (36%)
gained 5 or more lines in BCVA, 5 eyes (20%) gained 3 or 4
lines, 9 eyes (36%) gained 2 lines and two eyes (8%) that
had no change in BCVA. Two patients had grade 1 haze due
to unknown cause, and resolved spontaneously by 6 months
visit. It was not dense enough to cause deterioration of vision.
Two eyes developed grade 2 haze which persisted for 10 month
visit.
Binocular vision examination with full binocular correction
(contact lenses alone or combined with spectacles) at the begin-
ning of the study showed that six eyes (24%) had extra foveal
fusion, three eyes (12%) had foveal fusion, and none had ste-
reopsis. Binocular vision status with full additional correction
(if needed) had improved after 2 years follow up with part-time
reduced occlusion treatment. Foveal fusion occurred in 19 eyes
(76%), 15 eyes achieved both foveal ﬁxation and stereopsis
(60%). Regarding improvement of binocular function with
synptophore, the stereoscopic levels were only 5 eyes (20%)
had ﬁne stereopsis while 13 eyes (52%) had gross stereopsis.
No signiﬁcant complications were noted. No general anes-
thesia complications were observed, and no patient required
intubation. All children were cooperative, and they reported
only mild pain and discomfort on the ﬁrst postoperative day.No child developed either strabismus or diplopia after surgery.
No additional laser treatment was needed4. Discussion
Amblyopia is one of the most common causes of preventable
visual loss in children (Weakley, 2001). France (2006) outlined
the evidence-based guidelines helpful for screening the ambly-
opiogenic potential. Myopia greater than 3D in any meridian
was considered a signiﬁcant risk factor for developing ambly-
opia. If the refractive error is corrected with glasses, improved
vision in the amblyopic eye is usually associated with intolera-
ble aniseikonia. Contact lenses provided a better visual quality,
a larger visual ﬁeld and an improved contrast sensitivity. How-
ever, a full-time contact lens use by a child with associated ocu-
lar or medical disorders may not be ideal (Collins and Carney,
1990).
Refractive surgery is not commonly performed in the pedi-
atric population. Conventional treatment included glasses,
contact lenses or both in combination with occlusion, optical
penalization of the sound eye or both. It works well for most
children with anisomyopic amblyopia. However, a small per-
centage of pediatric patients are candidates for refractive sur-
gery; i.e., children with anisometropia and high myopia who
cannot tolerate spectacles and contact lenses, have unaccept-
able vision despite adequate amblyopia therapy, and are still
at the age at which amblyopia can be critically inﬂuenced
(Autrata and Rehurek, 2004). The treatment goal in those chil-
dren is to improve their UCVA, which can improve their
Laser in situ keratomileusis for treated myopic anisometropic amblyopia in children 7school performance and enhance their social development. In
the past, there has been no effective treatment for this group
of children. Laser in situ keratomileusis is a viable method
for correcting myopia with few complications. It has advan-
tage over keratomileusis and photorefractive keratectomy be-
cause it combines the best features of both. It preserve
Bowman’s layer and provides excimer laser precision.
Astle et al. (2007) have reported the safety and effectiveness
of LASIK for the correction of anisometropia in children. It
has shown that this surgery can effectively improve visual acuity
and reduce refractionwith nomore complications thanwould be
expected in adults. Phillips et al. (2004) have studied LASIK for
the correction of anisometropia in amblyopic children patients
who completed amblyopia therapy, have an average anisome-
tropia of 4.43D bilaterally and a visual acuity of 6/9 or better
bilaterally at an average 18-month follow-up. Agrawal et al.
(2000) reported 12 eyes regained their best corrected visual acu-
ities in 16 anisometropia amblyopic children eyes, and they think
some cases of anisometropic amblyopia when other treatments
failed are encouraged to receiveLASIK.All these results demon-
strate that LASIK is effective and stable in the treatment of chil-
dren with high anisometropic amblyopia.
The studied children in the present work showed a marked
reduction of the mean SE (9.08D) and SE anisometropia
(7.75D) present preoperatively to 0.97 and 0.50D 2 years
after LASIK respectively. Two years postoperatively, 48% of
the operated eyes were within ±1.0D. The mean BCVA im-
proved signiﬁcantly with 20% of eyes gained three or more
lines, only 8% had no change in BCVA and no patient had lost
vision due to the LASIK procedure. The vision gain could be
attributed to reduced spectacle aberrations and improved reti-
nal image quality.
The treatment goals in the present group of pediatric pa-
tients differed from those in a typical adult group. The main
purpose of this study was to reduce the refractive error in
the amblyopic eye so it was more equal to the fellow eye, there-
by improving spectacle tolerance, amblyopia therapy, BCVA,
and binocular sensory outcome.
Full binocular correction and occlusion of the better eye
should be undertaken. Amblyopia therapy should be main-
tained up to 8–9 years of age. Jeffrey et al. (2001) conﬁrmed,
a reduced-occlusion protocol is associated with better binocu-
lar sensory outcomes. In the present study, a reduced-occlu-
sion regimen was used, i.e., all children were patched 25–
50% of waking hours.
Whether a given patient’s amblyopia can be successfully
treated depends on the interplay of several factors. In general,
the younger the patient when treatment is instituted and the
better the visual acuity in the amblyopic eye before treatment,
the better the prognosis. The presence of high anisometropia
tends to worsen the prognosis. Preoperative education and
counseling of parents and children is important so they fully
understand and can be expected to adhere to the postopera-
tive instructions requiring the children to use occlusion. Un-
less there is compliance with occlusion, vision will not
improve.
Myopic regression after corneal refractive surgery oc-
curred in about 50% of the patients at an average rate of
1–1.7D per year (Tychsen et al., 2005). Goss (1990) found
that normal phakic pediatric eyes have a myopic shift of
0.5D per year. Gordon and Donzis (1985) reported that
children’s eyes continued to undergo signiﬁcant growth witha myopic shift until 16–18 years of age. However, a true myo-
pic shift secondary to refractive surgery may be indistinguish-
able from myopic changes that occur with normal axial
length changes as the child grow. Although myopic regression
was reported by many authors (Tychsen et al., 2005), yet, it
was anticipated and was not considered a complication or
contraindication to LASIK. In the studied children, as long
as signiﬁcant anisometropia with subsequent amblyopia did
not remain after LASIK, a slight under- or overcorrection
was not a concern. This allowed more ﬂexibility in treating
children than treating adults.
Treatment-resistant myopic anisometropic amblyopia is a
strong medical indication for LASIK treatment (Agrawal
et al., 2000). Eyes develop anisometropic amblyopia prevents
the development of binocular single vision, foveal fusion,
and stereoacuity. Thus treating anisometropia in amblyopic
with LASIK correction and treatment of amblyopia following
correction at 4 years of age seems to be efﬁcious in most cases,
although it has been shown that the response is better if treat-
ment is done at 2 years of age (Lithander and Sjostrand, 1991).
In addition, LASIK considered to be the best option if patients
are spectacle intolerance (Guell et al., 1999).
In conclusion, LASIK is a safe and effective alternative
method for correcting myopic anisometropia facilitating treat-
ment of amblyopia, not responding to conventional methods
of treatment, with more better visual acuity and binocular vi-
sion. Although short term beneﬁts are known, the long term
complications (that are known in adults) is not known at all
in children (PRK vs LASIK). Our study was a pilot study
on a 18 patients with a follow-up time of 24 months in chil-
dren. Thus, further clinical studies with longer follow-up and
larger series are essential to establish the long-term efﬁcacy
and safety of LASIK surgery in very young pediatric patients.
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